Aluminium based in-situ metal matrix composites (MMCs) have better properties and performance when compared to ex-situ MMCs. In this research, aluminium-copper (Al-Cu) alloy was reinforced with 1 to 6wt.% titanium diboride (TiB 2 ). Al-MMCs has been fabricated with salt route reaction process at 800 °C via potassium hexafluorotitanate (K 2 TiF 6 ) and potassium tetrafluoroborate (KBF 4 ) salts. Al-Cu composites reinforced with 1,2, 3 and 6wt.% TiB 2 then will be characterized their mechanical properties and microstructure. From results obtained, increased TiB 2 contents will increased the value of tensile and hardness properties of Al-Cu alloy. The composites synthesized using in-situ techniques exhibit the presence a uniform distribution of reinforcement that tends to be fine and associated with a clean interface with the metallic matrix. In order to achieve a good mechanical and wear properties it is important to control Al 3 Ti phase formation during the synthesis of in situ Al-Cu/TiB 2 composites.
Recently, in-situ techniques have been developed to fabricate Al-based MMCs, which can lead to better adhesion at the interface and provided better mechanical properties. These in-situ routes provide many advantages such as the in situ formed reinforcement phases are thermodynamically stable, disperse more uniformly in matrix, free of surface contamination and leading to stronger particle matrix bonding [3] .
The addition of reinforcement produces increase in strength and stiffness over the base alloy at the expense of ductility as compared to cast aluminium [3] . TiB 2 is extremely effective in enhancing wear properties in addition to significantly reducing the coefficient of friction. The wear rate of the composites improves significantly with the TiB 2 content. The friction co-efficient also decreased with increasing TiB 2 content, which indicates decrease in wear rate and also the improvement in the wear resistance of the composite [5] . .
From the previous studied done by [6] , they produced Cu-Ti melts by adding the boron (B) powder contents. They found that TiB 2 nano-particles were formed via in-situ reaction between Ti and B in the melt. Substantial increase in tensile and yield stress of composite (i.e. 63 and 186% respectively) occurred relative to the solution state, after ageing at 450 °C for 10 hours. The results of their research show that the mechanical properties of aged composites are in good agreement with those of binary Cu-1 wt% Ti alloy which the hardness of 258 Hv, and the binary Cu-2 wt% Ti alloy was 264 Hv were obtained when solution treated samples were aged at 450 °C for 10 and 15 hours, respectively.
According to [7] , in situ, TiB 2 particulate can enhance the tensile strength of Al-Si alloy matrix. The ultimate tensile strength at room temperature of as cast 6wt.% TiB 2 /Al-Si-Mg composite is 296 MPa, that is 14.7% increase over the matrix, and elongation at fracture was 5.5%. In-situ reaction process-in-melt reaction method have developed by [8] . They found that that the tensile strength and the yield strength of the composite increase with increasing TiB 2 content. When TiB 2 particle content in the matrix was 10 vol.%, the tensile strength, yield strength, and elongation of Al-4.5Cu/TiB 2 composite were 417 MPa, 317 MPa, and 3.3 %, respectively.
According to [9] , Al-MMC for varying reinforcement content of TiB 2 . Al based composite containing 2.5 wt.% TiB 2 indicate 47% improvement in hardness and this goes up with increasing TiB 2 content. It is noticed that hardness of 5% TiB 2 is increased by almost twice than that of pure Al. Then, [3] stated that hardness increased with increase in % of TiB 2 in composite. It is clear that an increase of 108% in hardness, 123% yield strength, 43% in UTS and 33% in young's modulus has been achieved with 10% of TiB 2 in Al-7Si alloy.
Methodology

Composite Fabrication
Al-6wt.% Cu is respectively melted at 720 °C in an induction furnace. The melts are homogenized for 15 minutes before adding K 2 TiF 6 and KBF 4 . These salts then are pre-heated to 250 °C for 1 hour. After melting of the base metals, the two salts are slowly add into the molten Al-6wt.% Cu in an atomic ratio in accordance with TiB 2 by using the stirring method.
The addition of the salt mixture was made only after degassing the molten alloy using tablets of hexachloroethane. The salt mixture was slowly added into the melt to facilitate the in-situ reaction. The melt was gently stirred using a graphite rod every 10 min in a 1 hr reaction time. After the formation of the TiB 2 particles, the reaction byproducts, such as the slag containing KAlF 4 and K 3 AlF 6 , rise to the top of the molten alloy and were removed by decanting the crucible. The molten alloy/composite was then poured into a preheated (200 °C) mild steel mould. The overall reaction is divided into three parts according to [4] ;.
i. the decomposition of K 2 TiF 6 and KBF 4 to KF liquid, TiF 4 and BF 3 gases ii.
the aluminothermic reduction of TiF 4 and BF 3 gases at the molten flux-liquid metal interface to form TiB 2 and AlF 3 iii.
the formation of a cryolite (3KFAlF 3 ) and KF mixture.
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Characterization
Sample characterization is a process of identifying the physical and mechanical properties of sample. Characterization of the sample being investigated in this study will undergo phase investigation and physical testing. A few instruments are used in making the analysis of the sample which is Instron tensile machine, Vickers hardness tester, X-ray diffraction (XRD) and Scanning Electron Microscope (SEM).
Tensile Properties
To measure the samples tensile strength, the Instron tensile machine is used. The sample is reached to forces being applied in tension. This testing done to obtain the data based on the tensile test. All samples are tested at the same rate which is 2 min/mm. The data then automatically produced by the machine. All data are recorded and calculated to obtain the average result [10] . The samples were cut like the dumb bell shape, according to the standard method as mention in Figure 1 .
In order to determine the strength of the material, loading of the sample is slowly and continuously increased until it fails. The maximum test force occurring is a measurement of the strength of the material. The so-called tensile strength, R M calculated from the maximum test force, F B and the initial cross, A 0 of the sample, shown in equation (1) below.
The elongation at fracture, A refers to the change in length of the sample compared to its original length, L 0 and is calculated using the length, L U of the sample after fracture, shown in equaton (2) below.
A = x 100%
(2) 
Hardness Test
Vickers hardness is one of a method to measure the hardness of a material. The correlation between various hardness scales and tensile strength has been compiled for a variety of metals and alloys. Vickers test procedure [11] standard specifies making indentation with a range of loads using a diamond indenter which is then measured and converted to a hardness value ( Figure 2) . The Vickers hardness test uses a square-based pyramid diamond indenter with an angle of 136 º between the opposite faces at the vertex, which is pressed into the surface of the test piece using a prescribed force, Key Engineering Materials Vol. 673 F. In this study, the hardness of the samples is determined by Vickers hardness instrument with loading time of 15 second. After the force has been removed, the diagonal lengths of the indentation are measured and the arithmetic mean, d, is calculated. The Vickers hardness number, H V , is given by equation (3) 
Mechanical Properties
Composite Al-Cu/TiB 2 exhibited a higher hardness than the Al-Cu alloy. Also, it found from the table the composite has a higher tensile strength than Al-Cu alloy with reduced ductility. The significant improvement in the mechanical properties of the composite when compared with the Al alloy can be attributed to the distribution of TiB 2 particles in the matrix. Tensile properties of Al-Cu and its composites had been done by comparing the behavior of un-aged and aged samples. The aged sample were carried out in 550 °C for 1 hour follow by 150 °C for 24 hours.
Based on the graph 3 below, the tensile strength for un-aged Al-Cu-6 wt.%TiB 2 gave the highest value, 422.9 MPa compared to others un-aged Al-Cu with 1, 2, 3 wt.%TiB 2 which were 222.1, 237.0, 296.0 and 375.8 MPa. Based on the Table 1 and Figure 3 below, it shows the tensile strength for aged Al-Cu-6 wt.%TiB 2 gave the highest value, 454.6 MPa compared to Al-Cu with 1, 2 and 3 wt.%TiB 2 and Al-Cu alloy itself. The value were 296.2, 367.1, 439.2 and 278.0 MPa respectively. By increase the TiB 2 contents to Al-Cu alloy will increase the value of tensile strength both of un-aged and aged Al-Cu/TiB 2 .
The increase of strength is observably associated with the incorporation of in situ TiB 2 particulates. The change in strength is believed partly due to the efficient transfer of load from the matrix to the reinforcement and good bonding between them. The good interfacial bonding is resulted from the clean interface and good wetting ability between TiB 2 and matrix. Load can be transferred from the matrix to the reinforcement more effectively and load bearing capabilities of the matrix increased. Another reason the reinforcement particulates can act as strong impenetrable obstacles to hindrance the motion of dislocations. Dislocations can only pass at stress levels much higher than those required to move dislocations through the matrix. Hence an increase of reinforcement particulates in the matrix manifests an increase of barriers of dislocation movement. Therefore the tensile strength of Al-Cu-6wt.%TiB 2 was higher than those Al-Cu alloy. From the Table 1 and figure 4 , the results indicate that 0.2 % yield strength tends to increase with increasing reinforcement, TiB 2 contents. Increasing the value of 0.2 % indicates that the ductility of alloy decreases with increasing particle vlume contents. Figure 5 below shown that Young's modulus value of aged-sample was lower than un-aged sample. This data also was supported by [12] stated that the increasing in the yield strength and ultimate tensile strength can be attributed to the decrease in the grain size and hardening due to TiB 2 particles.
Key Engineering Materials Vol. 673 121 Based on Figure 6 below, the initial hardness of un-aged and aged Al-Cu was 125 Hv and 126 Hv. Both of un-aged and age-Al-Cu alloys, the value of hardness increased when TiB 2 contents increased. The hardness of un-aged and aged Al-Cu-6wt.%TiB 2 were recorded 141 Hv and 152 Hv respectively. The addition of TiB 2 resulted in an increased of the hardness of Al-Cu alloy. The increase in hardness of the composites can be attributed to the decrease in the grain size to TiB 2 particles. It is evident that addition of TiB 2 leads to significant increment in the hardening by the precipitates, which can be attributed to additional strengthening due to coherency strains and misfit dislocations formed by the precipitation on TiB 2 particles [6] . The particles were mostly of hexagonal shape with very straight edges and sharp corners.
Microstructure Observation
The particles also were homogeneously distributed around the grain boundaries and also can be seen clearly in figure below. Agglomerated particles are conspicuous by their absence. Elemental mapping (Al, Cu and Ti) was also done to find the distribution of TiB 2 particles in the composite. peaks corresponding to the Al alloy, TiB 2 and CuAl 2 which clearly shows the presence of TiB 2 peak. Intensity of TiB 2 increased with increasing of TiB 2 in the composites. No evidence was found for the formation of the brittle intermetallic Al 3 Ti in the composites. This is attributed to prolong holding of the Al 3 Ti particles leading to its decomposition to give rise to stable TiB 2 particles. It is important to eliminate Al 3 Ti to achieve higher mechanical properties of Al-6wt% Cu / TiB 2. [13] stated that in order to have a mechanical and wear properties it is important to control the Al 3 Ti phase formation during the synthesis of in-situ Al/TiB 2 composites. [3] also stated this can be achieved with control of reaction temperature and reaction time and the Ti:B ratio. 
X-Ray Diffraction
Conclusions
From the research that have been done, we can conclude that Al-6wt.% Cu composites with 1 to 6 wt.% TiB 2 with high strength have been successfully synthesized by the reaction of molten alloy with halide salts. From mechanical properties study have been done, the tensile strength of both un-aged and aged Al-Cu-6wt%TiB 2 gave highest value compared to Al-Cu and Al-Cu with 1, 2, 3 wt%TiB 2 . Vickers hardness with load of 5 N increased when increased TiB 2 contents to both of un-aged and aged Al-Cu alloy. From microstructure characterization studied by SEM, we can seen the TiB 2 particles formed through in situ reaction process are found to stick together forming agglomerates.
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